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Abstract
In a previous search based on the envelope gene, we had identified two related proviral elements that could not be included in identified
ERV families. An in silico database screening associated with an in vivo polymerase chain reaction search using primers in the reverse
transcriptase domain, now allowed identification of a series of related elements, found at a limited number in simians. A phylogenetic
analysis led to their inclusion in a new family of endogenous retroviruses with limited expansion, which we named ERV-Fc, and which is
part of the enlarged ERV-F/H family. The human genome comprises only six HERV-Fc, among which two possess full-length coding
envelope genes. A complete provirus was identified in the baboon, also disclosing a fully open envelope gene. Cloning of the sites
orthologous to the envelope-coding human proviruses demonstrated presence of the integrated proviruses in chimpanzee and gorilla, but not
in orangutan. For the baboon element, the orthologous locus was found empty even in the phylogenetically most closely related macaque,
again suggesting, together with the complete identity of its LTRs, “recent” integration. The data presented are compatible with an
evolutionary scheme in which the ERV-Fc proviruses would be the endogenous traces of an active retroviral element, possibly acting as an
infectious retrovirus with low endogeneization potency, with evidence for integrations at two distinct periods of primate evolution.
© 2003 Elsevier Science (USA). All rights reserved.
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Introduction
Human endogenous retroviruses (HERVs) constitute
about 1% of the genome (Smit, 1999; Wen-Hsiung et al.,
2001) and are most probably traces of ancient retroviral
infections that have reached the germline, with the inte-
grated proviruses then being transmitted in a Mendelian
manner (reviewed in Boeke and Stoye, 1997; Lo¨wer et al.,
1996). Most of these sequences have accumulated point
mutations and deletions, or even homologous recombina-
tion between the LTRs, resulting in “solo LTR” in place of
the proviral element (solo LTRs represent about 7% of the
human genome). However, there are still thousands of full-
length proviral elements in the human genome, some of
which still contain coding genes responsible, for instance,
for the recurrent observation of virus-like particles in the
placenta and in some tumors (Lo¨wer et al., 1996). HERV
sequences have been classified according to the tRNA nor-
mally used to prime reverse transcription in a retroviral
replicative cycle and complementary to the putative primer
binding site on the proviral transcript. Based on phyloge-
netic criteria, analysis of the human genome has led to the
identification of at least 30 HERV families. The first general
approach had been conducted on the pol gene (Tristem,
2000), which is the most conserved gene among retrovi-
ruses. It was then complemented by a survey that we per-
formed on the env gene (Be´nit et al., 2001). HERV families
were found to be quite heterogenous in size, from a few to
a thousand elements, and in their degree of conservation,
from 75 to 95% or more identity in the pol gene.
In our previous report based on the env gene, we iden-
tified a few proviral elements possessing a fully open env
gene. One of these elements possesses a primer binding site
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for Phe-tRNA, but could not be clearly assigned to any of
the three already identified HERV-F families, i.e., the
HERV-F, HERV-FXA, and HERV-Fb families (Kjellman
et al., 1999; Tristem, 2000; Widegren et al., 1996). Since the
occurrence of open reading frames for the envelope gene is
a very rare feature among HERVs, we have searched for
other copies of the identified env-coding element in human
as well as in other primates. This search, performed both in
silico and in vivo using a reverse transcriptase (RT)-based
PCR approach, has now led to the identification of a new
family of endogenous retroviruses that we named ERV-Fc
and which is part of what can now be referred to as the
ERV-F/H enlarged family. Interestingly, this family had
only a limited expansion, with evidence for recent integra-
tions in the course of primate evolution of distinct elements
that have maintained fully open env genes.
Results
Identification and organization of the HERV-Fc family
members
To detect all the HERV-Fc elements present in the hu-
man genome, we screened the GenBank databases with the
BLAST program using as queries the two HERV-Fc ele-
ments that we had previously identified (Be´nit et al., 2001),
i.e., elements isolated from BACs AC016222 and
AC019088 (see Fig. 1). The entire sequence of these two
elements was used together with the isolated LTR and
genes, and a second round of screening was also performed
in a reiterative manner with the newly identified sequences
used as queries. This search procedure resulted in the iden-
tification of 6 human elements and 11 solo LTRs. All other
hits corresponded to sequences related to the three other
HERV-F families or to the HERV-H family, forming alto-
gether what we hereafter refer to as the “HERV-F/H” en-
larged family. This inventory should be considered as ex-
haustive since the human genome is nearly entirely
sequenced. As we did not restrict our search to the human
genome, related elements could also be identified, namely,
a full-length element and three solo LTRs, as well as a
severely rearranged element (with only two portions of the
pol gene and a 3 LTR), in the baboon.
The identified HERV-Fc proviruses—and the baboon
element—were analyzed further (Fig. 1A). Three of them
exhibit a fully open envelope gene (“ENV” in white in the
figure) and are hereafter designated with a superscript env to
indicate that they each correspond to a specific locus with a
coding gene. The human Fc1env and the baboon BabFcenv
full-length proviruses have a typical retroviral structure with
the gag, pol, and env genes flanked by two LTRs and a
potential PBS for a phe-tRNA just downstream of the 5
LTR. The third sequence with an open env gene is the
Fc2env element. It discloses numerous internal deletions as
well as insertion in the gag gene of a sequence of unknown
origin (not a repeat sequence nor a gene). Three other
sequences (Fc2: AC007241, AC073349, and AC104395)
with no open env gene display the same rearranged structure
as the Fc2env element. The last human sequence, which we
named Fc2 “master” copy, has a typical proviral structure,
but with a 1542-bp insertion in the pol gene corresponding
to multiple SINE elements (see Fig. 1 and legend). In
summary, the entirely sequenced human genome contains
two full-length HERV-Fc proviruses and four elements with
shared rearrangements, and one full-length element can be
identified in the partially sequenced baboon genome.
Comparison of the 5 and 3 LTRs for each ERV-Fc
element (except for the Fc2env element lacking a 3 LTR)
reveals moderate divergence, if any (Fig. 1). Based on the
divergence between the LTRs within a given element (both
LTRs being identical at the time of integration), the oldest
ERV-Fc element would be the Fc2 AC007241 element,
which discloses 91.7% identity between its LTRs. It would
correspond, based on the estimated mutation rate given in
Tristem (2000) to an integration event having taken place
between 20 and 32 million years ago, i.e., after the split
between New World and Old World monkeys and before
that between cercopithecoids and hominoids. For the
BabFcenv baboon element, the perfect identity (100%) be-
tween its LTRs would be consistent with a very recent
integration.
Analysis of the LTR sequences among the various
ERV-Fc elements shows that they share only a very small
portion in common (approximately 60 nucleotides in the U5
region). On the other hand, the LTRs of the Fc2 elements
are closely related, the difference in size, from 340 to 476
bp, being accounted for by blocks of insertions and/or de-
letions; the rest of the LTR sequences are perfectly aligned
(not shown). The divergence observed between the LTRs of
the ERV-Fc elements, despite their very closely related
internal sequences, is in accordance with a similar observa-
tion made for elements of the ERV-L family (Be´nit et al.,
1997). Interestingly, all the identified human solo LTRs can
be aligned with the LTRs of the five Fc2 elements (not
shown), and are therefore unrelated to the Fc1env element.
The baboon solo LTRs can similarly be aligned with the
BabFcenv element.
To further characterize the links between the identified
ERV-Fc elements, we performed a phylogenetic analysis
based on two conserved domains present in all the ERV-Fc
elements, i.e., those corresponding to the integrase (IN)
protein in the pol gene (the RT protein is lacking in the four
Fc2 elements) and to the transmembrane (TM) subunit of
the env gene (Fig. 1B). For both domains, the trees con-
structed by the distance method disclosed a similar pattern.
The human elements are divided in two subgroups, one with
the unique Fc1env element and the other with the five Fc2
elements, with the four deleted Fc2 elements deriving
from a common ancestor branching together with the Fc2
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Fig. 1. Characterization of the HERV-Fc family. (A) Structure of the human proviruses and of a baboon element sorted out from databases. The general
organization of the proviruses is schematized on the left with the gag, pol, and env genes and the LTRs indicated; the former were identified through
comparison with well-known motifs (Be´nit et al., 1997, 2001) and analysis of the ORF maps; when fully opened, env genes are in white type. The Fc2 master
provirus has an insertion in the pol gene, identified by the RepeatMasker program as repetitive elements of the Alu (Jurka and Smith, 1988) and SVA (Ono
et al., 1987) families. The four Fc2 elements have a specific insertion in the gag gene (hatched box) and share deletions (the Fc2env element lacks a 3
LTR). All proviruses are bordered by direct 5-nucleotide repeats (except the 3 LTR-lacking Fc2env element). The accession number for each element is
given on the right, with the positions and orientations (/) of the proviruses on the BAC, as well as the chromosome number for the human sequences;
the two previously described HERV-Fc2 elements are marked with asterisks; the percentages of identity between the 5 and 3 LTRs were obtained with the
BestFit program. (B) Integrase (IN, in pol gene) and transmembrane (TM, in env gene) protein phylogenetic trees. Both trees were calculated by the
neighbor-joining method (identical patterns were obtained using the parsimony method, not shown), with the horizontal branch length being proportional to
the degree of divergence between sequences (common scale for both trees); percentage bootstrap values obtained from 100 replicates are indicated at the
nodes; sequence names are as in (A), with GenBank accession numbers in parentheses for the Fc2 proviruses; the arrows point to the nodes for Fc2 element
branching.
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master element. The clustering within the Fc2 branch is
consistent with the common overall structure of the provi-
ruses. In both trees, the BabFcenv element is branching
between the Fc1env and Fc2 human subgroups.
We finally compared the three full-length Fc proviruses
by dot-plot analysis, including a HERV-H sequence (be-
longing to the F/H enlarged family, based on its RT protein
sequence) as a control (Fig. 2). These plots highlight the
very high conservation between the Fc1env, Fc2 master, and
BabFcenv elements (except for the LTRs as previously in-
dicated), the weaker homology being found in the 5 region
of the env gene. As a comparison, only regions of the pol
gene of the HERV-H sequence disclose—limited—similar-
ities under the same conditions.
Status of the identified ERV-Fc loci in primates
To analyze the status of the identified ERV-Fc loci in
primates, we performed PCR with primers selected in the
flanking region for each locus of the three ERV-Fc elements
with fully open envelopes, i.e., Fc1env, Fc2env, and
BabFcenv, as well as of the Fc2 master locus. Genomic
DNAs were selected among all major primate branches, i.e.,
prosimians, New World monkeys, Old World monkeys and
hominoids. The PCR amplifications revealed the presence
of either the provirus ( in Fig. 3A) or an “empty” site
( in Fig. 3A). Together with the known phylogeny of
primates, as summarized in Fig. 3A, the results indicate that
the Fc1env and Fc2env elements should have entered the
genome of a common ancestor of the gorilla, chimpanzee,
and human, and that the Fc2 master element should have
entered even earlier, as it is also present in the orangutan.
Interestingly, the BabFcenv provirus is restricted to the
baboon lineage as it is not found even in the macaque,
which is the species most closely related to baboon. This
observation fits nicely with the complete identity of the
BabFcenv LTRs, and is consistent with a very recent origin
of this element. Sequences of the identified Fc1env pro-
viruses from the chimpanzee and gorilla were entirely de-
termined (accession numbers in Materials and Methods),
and disclose the following main features: as expected, the
three Fc1env sequences are very well conserved (including
the LTR sequences), with 98.9% identity between human
and chimpanzee, 97.6% between human and gorilla, and
97.5% between chimpanzee and gorilla; while the chim-
panzee has a fully open env as observed in human, the
gorilla env gene is prematurely “closed” by a stop codon;
the chimpanzee and gorilla gag and pol genes have imper-
fect ORFs, as in the human element. For the Fc2 master
element from chimpanzee and gorilla, only parts of the
pol and env genes were sequenced, and disclosed numer-
ous stop codons and frameshifts in the env gene, as
observed in human.
To unambiguously characterize the env gene for its cod-
ing capacities in the identified loci among primates, we
performed in vitro transcription/translation assays on PCR
amplification products of the env genes from Fc1env and
Fc2env in human, chimpanzee, and gorilla, and from
BabFcenv in baboon (Fig. 3B). Consistent with the sequenc-
ing above, these assays demonstrated that the Fc1env env
gene is open in human and chimpanzee but encodes a
prematurely stopped protein in gorilla, that the env gene of
the Fc2env locus is fully open only in human, and that the
env gene of BabFcenv is also open. Conclusively, among the
identified ERV-Fc loci, fully open ERV-Fc env genes can be
found in human, chimpanzee, and baboon, but not in gorilla.
Fig. 2. Dot matrix comparison of the full-length ERV-Fc proviruses. Comparisons are between the Fc2 master element and the Fc1env element, the BabFcenv
element, and a complete proviral copy of an HERV-H element (Accession No. AJ289709) as a control. The ORF map for each provirus is shown, with the
env gene shaded.
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This does not preclude the possible occurrence of coding
env genes in other loci and/or in other species, except for
human due to its entirely sequenced genome.
RT-based search for ERV-Fc-related elements in primates
and phylogeny
We have searched for ERV-Fc related elements in a
panel of species (primates, rodents, fish, and birds) using
previously described PCR methods (Cordonnier et al., 1995;
Shih et al., 1989). Basically, primers were designed to
tentatively amplify the highly conserved 1–5 domains of the
RT (Xiong and Eickbush, 1990), with minimum degeneracy
to match the corresponding sequence from the three iden-
tified ERV-Fc elements possessing a RT domain. Products
of the expected size were obtained for all primates, includ-
ing prosimians, used in the assay. These fragments were
cloned and, for each species, at least six were systematically
Fig. 3. Status of the ERV-Fc loci and of the corresponding env genes in primate evolution. (A) Dating the integration times of the Fc1env, Fc2 master, Fc2env,
and BabFcenv ERV-Fc elements was performed by PCR (and in most cases additional sequencing of the PCR products) using primers bracketing the insertion
sites at the four loci.  and  presence and absence (empty locus) of the provirus, respectively; n.d., not determined. The results are schematized on the
primate phylogenetic tree on the left, with the arrows indicating the proviruses integration times. (B) SDS–PAGE analysis of the radiolabeled proteins
obtained on transcription/translation in vitro assays of the ERV-Fc envelope genes at the Fc1env, Fc2env, and BabFcenv loci, for the indicated primates. HS,
Homo sapiens; Cpz, chimpanzee; Gor, gorilla; Bab, baboon. Arrows indicate positions for the full-length envelopes; for Fc2env, an additional larger product
is observed, which may be due to a 1 ribosomal frameshifting since a potential slippery site (Dinman and Wickner, 1992) can be detected 30 nucleotides
upstream of the env stop codon.
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sequenced. Interestingly, only one or two different se-
quences per species were found, consistent with a low copy
number for these elements. Furthermore, in the human,
chimpanzee, gorilla, and baboon, they were found to be in
most cases identical to sequences that we had already iden-
tified at the conserved ERV-Fc loci (and, conversely, all
known ERV-Fc sequences were sorted out by the RT-based
PCR approach, with no exception). On the other hand, no
RT-related sequence could be identified among the PCR
products obtained from nonprimate (including rodent) spe-
cies. All the RT sequences were translated and aligned
(named by the species and clone number) (Fig. 4A), to-
gether with one sequence representative of each group of
the F/H enlarged family and with sequences of the ERV-9
and HERV-W families taken as outgroups (in italics). Trees
were then calculated by both the distance (Fig. 4B) and
parsimony (not shown) methods, yielding congruent results.
As observed on the tree in Fig. 4B, most simian sequences
obtained by the RT-based PCR assay are branching together
on a statistically supported branch (the “ERV-Fc” cluster in
the figure), indicating that the simian elements, including
those of New World monkeys (NWM), have most probably
Fig. 4. Partial RT protein sequences and phylogeny of ERV-Fc and related elements. (A) All listed RT sequences (except those in italics) were sorted out
by a RT-based PCR assay (see Results), with the sequence names referring to the species and clone number, and (after a slash) to previously used names
in case of identity to sequences previously identified in this work. For New World monkeys (NWM): Cebus, Cebus capucinus; Alouatta, Alouatta seniculus;
Saguinus, Saguinus midas. For prosimians: Lemur, Eulemur fulvus; Cheirogaleus, Cheirogaleus medius. Accession numbers for the non-Fc HERV (in italics)
included in the phylogenetic analysis are as follows (either the HERV or the HERV-containing BAC): HERV-H, D11078; HERV-FXA, AC000378; HERV-F,
AC007779; HERV-Fb, AC002416; ERV-9, AC004534; HERV-W, AC000064. Conserved aa (when present in 80% of sequences) are in boldface. (B)
Phylogenetic tree based on the sequence alignment in (A). The tree was calculated by the neighbor-joining method with horizontal branch lengths proportional
to the degree of divergence between the sequences (scale indicated). The tree was drawn with the ERV-9/HERV-W branch as an outgroup. Percentage
bootstrap values obtained from 100 replicates are indicated at the nodes. The ERV-Fc element family and the enlarged ERV-F/H family are delineated.
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been inherited from a common ERV-Fc ancestor. In agree-
ment with the phylogeny of primates, ERV-Fc sequences
from New World monkeys are on the same subbranch,
while those from Old World monkeys are on a distinct one
within the ERV-Fc cluster. The ERV-Fc cluster itself is part
of a larger one, referred to as the “ERV-F/H” cluster in the
figure. This cluster corresponds to the enlarged F/H family
comprising, on a branch distinct from the ERV-Fc one, the
previously characterized F, Fb, FXA, and H families (and
the newly identified Orangutan 6 sequence). The prosimian
RT sequences (i.e., Cheirogaleus 1 and Lemur 3) do not
cluster within the ERV-Fc branch and are most likely re-
lated to the enlarged F/H family (or even outside of it for the
Lemur 3 sequence). ERV-Fc elements therefore appear to
be present in all simians, whereas they are most probably
absent from prosimians.
Discussion
Limited expansion of the ERV-Fc elements
We have identified and characterized the six human
proviruses of the HERV-Fc family, as well as related ele-
ments in all simians, among which is the baboon full-length
BabFcenv provirus. ERV-Fc elements were sorted out (i) by
screening databases, which provided an exhaustive list of
the human elements, (ii) by cloning proviruses found at
orthologous positions in several primate species, and (iii) by
cloning ERV-Fc RT sequences in simians, using a RT-
based PCR method. Since all the sequences that were iden-
tified by database screening or by cloning proviruses in-
serted at positions orthologous to the human sequences were
also sorted out by the RT-based PCR method, with no new
Fig. 4 (continued)
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sequences found in the great apes, it is very doubtful that
numerous ERV-Fc elements would have been missed
among these species. Moreover, slot blots of primate
genomic DNAs hybridized with ERV-Fc envelope probes
(data not shown) have not revealed any significant differ-
ence in signal intensity among primates from Old World
and New World monkeys. Altogether, these results strongly
suggest that ERV-Fc elements have had a limited expansion
in primates.
“Age” of the ERV-Fc elements
ERV-Fc elements appear to be very “old” hosts of pri-
mates, since they could be detected in all simians, including
New World monkeys, using the present RT-based PCR
approach. Phylogenetic data concerning other groups of the
enlarged HERV-F/H family have usually shown restriction
to Old World monkeys (Kim et al., 2002; Kjellman et al.,
1999), although in the case of the HERV-H family a few
elements were similarly detected in New World monkeys
(Anderssen et al., 1997; Mager and Freeman, 1995). The
present RT-based PCR approach shows that elements of the
HERV-F/H family are at least as old as the common ances-
tor of simians, and possibly of all primates (see the pros-
imian Cheirogaleus 1 sequence in Fig. 4B). On the other
hand, the ERV-Fc proviruses that we have found in data-
bases and studied appear to have only quite “recently”
inserted: the proviruses at the three characterized human
sites (Fc1env, Fc2env, and Fc2 master) are found only in
chimpanzee and gorilla and, in one case, orangutan, and the
provirus at the baboon site (BabFcenv) is found only in this
species. Similarly, the three baboon solo LTRs identified in
databases correspond to empty loci in human. Together with
the limited expansion of the ERV-Fc elements, these data
would be consistent with a scheme whereby ERV-Fc ele-
ments, not necessarily fixed at numerous genomic sites in
primates, exist as possibly infectious retroviruses that would
only rarely become endogenous (see below).
A “recent” infectious stage for the Fc1env and BabFcenv
proviruses?
It is noteworthy that, among the HERV-Fc family, the
Fc1env provirus discloses only 75% identity in its RT se-
quence with the Fc2 master element (the “older” and only
other human HERV-Fc which has conserved this domain).
This rather high level of divergence, for elements of the
same family and for a gene that is normally highly con-
served, could be relevant to the high rate of mutation that is
observed in the course of retroviral replication in an infec-
tious process. Along this line, the Fc1env element might
have passed through a “recent” extracellular/infectious
stage before being fixed in the gorilla/chimpanzee/human
branch, a scheme compatible with the observed occurrence
of a still open envelope gene in both the human and chim-
panzee. Similarly, the BabFcenv provirus is also a likely
candidate for a very recent integration, possibly as an in-
fectious retrovirus. It is absent at the orthologous position in
the closest related species, i.e., in macaque, and its LTRs are
100% identical, thus strongly suggesting recent integration
(the two series of data render unlikely gene conversion
between the 5 and 3 LTRs as described for some elements
in Johnson and Coffin, 1999). Although its envelope gene,
as in the case of the Fc1env provirus, is still coding a
full-length protein, it should be mentioned that its gag and
pol genes are not open, with two frameshifts and three stop
codons, and that the other ERV-Fc element RT sequence
that we identified in baboon (the Baboon 3 sequence, Fig. 4)
is also noncoding. Therefore, although it has a high explan-
atory potency, occurrence of an infectious ERV-Fc element
should still be considered as hypothetical.
A role for the fully coding ERV-Fc env genes?
Taking into account the limited number of ERV-Fc
elements in primates, with only six elements in human, it
is rather unexpected to observe that several of them have
conserved coding capacities in their env gene, and in fact
exclusively in this gene, with for instance two such
elements in human. Moreover, we have shown that the
Fc1env and Fc2env proviruses of the human genome have
entered the primate branch before the split between go-
rilla and chimpanzee and have therefore both maintained
a coding env gene for at least 10 million years. Coding
ERV-Fc envelope genes are also found in nonhuman
primates, with elements in the chimpanzee and the ba-
boon. In fact, besides their possible role in virion infec-
tivity, some endogenous envelope proteins have unam-
biguously been shown to play “secondary” roles, such as
protection against viral infection via interference (Best et
al., 1997; Rosenberg and Jolicoeur, 1997). This is indeed
the case for the murine Fv4 endogenous env gene, which
protects mice against infection by MLV retroviruses
(Best et al., 1997). Accordingly, a possible—and still not
exclusive—interpretation for the rather unexpected con-
servation of open envelope genes among the ERV-Fc
family could be their positive selection for such a func-
tion. Other plausible hypotheses can also been raised,
involving for instance a role of endogenous envelopes in
the formation of the placenta syncytiotrophoblast via
fusogenic effects (Blond et al., 2000; Mi et al., 2000), or
in the protection of the fetus via immunosuppressive
effects mediated by the TM moieties of the envelopes
(e.g., Mangeney et al., 2001; Mangeney and Heidmann,
1998). Experiments are now in progress to characterize
the newly identified ERV-Fc coding envelope genes for
such properties.
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Materials and methods
Computation
Alignments and phylogenetic analyses were performed
as previously described (Be´nit et al., 2001). IN, TM, and RT
amino acid alignments were respectively 223, 164, and 124
positions long. LTRs were identified with the LALIGN
program and aligned with the BestFit program available in
the Wisconsin package (Genetics Computer Group, Madi-
son, WI, USA). Dot matrix comparisons were performed
with the COMPARE program available in the Wisconsin
package.
PCR and sequencing
Genomic DNAs
All PCRs were performed using 500 ng of genomic
DNA. The source of the DNAs is given in Be´nit et al.
(2001) and de Parseval et al. (2001), except for baboon
(Papio anubis), cebus (Cebus capucinus), and lemur (Eule-
mur fulvus), for which DNAs were extracted from blood
samples given by Guy Dubreuil (Station de Primatologie du
CNRS, Rousset sur Arc, France) and Fane´lie Wanert (Cen-
tre de Primatologie, Niederhausbergen, France).
Amplification of ERV-Fc proviruses
The Fclenv, Fc2 master, Fc2env, and BabFcenv ERV-Fc
elements were amplified with the Expand Long Template PCR
System (Roche), to amplify long fragments (up to 12 kb). The
PCR program was as follows: denaturation at 94°C for 5 min,
35 cycles (94°C 10 s, 60°C 30 s, 68°C 12 min), and one final
cycle at 68°C for 20 min. Primers placed in the flanking region
of the proviruses were: Fc1env, Fc1fl5 (ACGACCCACAGTA-
TGATCC) and (Fc1fl3) CCCTTCCAAATCTTCACATTCC);
Fc2 master, Fc2fl5 (TCTTCCATTGTATTCCTTCAGCGTCT-
TCCTTTTC) and Fc2fl3 (CTTCCAGCCTCATCATCCTCAT-
TTCATTCCCC), except for orangutan Fc2HG5 (TTGTATTC-
CTTCAGCGTC) and Fc2HG3 (CCCGAGACTAACAAACC);
Fc2env, Fc2flF1(GAGGCAAACACATCGTTCTT) and
Fc2flR1 (TTTTCCATTTTTCCAATGCT); BabFcenv, Fcb-
abfl5 (CACCAGGGAAGTGCGAACTC) and Fcbabfl3
(AGCCACCAAGCCAAGCCTAT).
Amplification of ERV-Fc RT conserved domains
PCR was performed with the Tth Taq polymerase
(Roche). The PCR program was as follows: denaturation at
94°C for 5 min, 45 cycles (94°C 10 s, 50°C 30 s, 72°C 30 s),
and one final cycle at 68°C for 10 min. Primers used were:
RT5Fc5 (CGGGATCCTGCAA(CT)AC(GCT)CC(CT)AT)
and RTFc3bis (CCGCTCGAGAGGTCATCAACATA);
degenerate positions are indicated in parentheses and re-
striction sites placed in their 5 ends are in bold face.
Products were purified and cloned in the pGEMT-Easy Vector
(Promega), and sequenced using T7 and SP6 primers.
Amplication of ERV-Fc envelopes for in vitro
transcription/translation assay
ERV-Fc envelopes were amplified with the Expand Long
Template PCR System (Roche). PCR program was as fol-
lows: denaturation at 94°C for 5 min, 45 cycles (93°C 45 s,
55°C 30 s, 68°C 3 min), and one final cycle at 68°C for 7
min. Primers used (containing a T7-spacer-Kozak sequence
allowing in vitro transcription and translation) were as fol-
lows: Env Fc2env, EnvFc2T7ATG (GCTAATACGAC-
TCACTATAGGAACAGACCACCATGAATTCTCCAT-
GTGAC) and EnvFc2flR3 (GACACTTAATAGTTGCGACA);
EnvFc1, EnvFc1T7ATG (GCTAATACGACTCACTATA-
GGAACAGACCACCATGGCCAGACCTTCCCCACTAT-
GC) and EnvFc1fl3 (GCCTTGGCAACTAAACCATTC);
EnvBabFc, EnvFcbabT7ATG (GCTAATACGACTCACTA-
TAGGAACAGACCACCATGATTTCAGCAGTGTTAAA)
and FcbabR1 (CCAAACAGTCCAACCTCTTA). The in vitro
transcription/translation assay was performed using the TNT
Coupled Reticulocyte Lysate System (Promega), as previously
described (de Parseval et al., 2001).
Accession numbers
RT sequences
Chimpanzee 5 (cpz ERV-Fc1), AJ507114; gorilla 1 (gor
ERV-Fc1), AJ507116; chimpanzee 10 (cpz ERV-Fc2),
AJ507115; gorilla 2 (cpz ERV-Fc2), AJ507117; baboon 3,
AJ507118; cebus 5, AJ507119; alouatta 4, AJ507122;
saguinus 2, AJ507123; saguinus 6, AJ507124; cheirogaleus
1, AJ507125; orangutan 6, AJ507126; lemur 3, AJ507121;
cebus 2, AJ507120.
ERV-Fc1 proviruses
Chimpanzee ERV-Fc1, AJ507127; gorilla ERV-Fc1,
AJ507128.
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